Laboratory evolution of an epoxide hydrolase - towards an enantioconvergent biocatalyst.
We performed a laboratory evolution study with the epoxide hydrolase from Aspergillus niger M200. This enzyme exhibits no enantioconvergence with the substrates styrene oxide or para-chlorostyrene oxide, i.e. racemic vicinal diols are produced from the racemic substrates. After saturation mutagenesis, screening by chiral gas chromatography revealed enzyme variants with improved enantioconvergence as manifested by an increased enantiomeric excess of the diol product. Nine amino acid exchanges accumulated in the active site and the substrate access tunnel over the course of 5 productive rounds of iterative saturation mutagenesis, resulting in an enantioconvergent epoxide hydrolase variant. The final mutant enzyme transformed racemic styrene oxide and para-chlorostyrene oxide to (R)-diol enantiomers with enantiomeric excesses of 70%. Sequential bi-enzymatic reactions using the wild-type EH and/or its evolved variants enabled preparation of the chiral building blocks (R)-phenyl-1,2-ethanediol and (R)-para-chlorophenyl-1,2-ethanediol from inexpensive racemic epoxides with enantiomeric excesses of 91% and 88%, respectively.